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Abstract
Duetodevelopmentofbothwirelesscommunication
usersand communicationline users,utilizationof
high-speedcommunicationshas becomea vital
essence.Highspeeddigitalmicrowaveradioshavea
great contributionin wirelesstelecommunications.
Havinga differentandhighcapacitance,theseradios
cantransmitandreceivedatainpointtopointlinksin
far distancesupto30km.Consideringthehighrateof
utilizationsuchdigitalmicrowaveradioshaveinlower
bands,it is imperativetoutilizesuchkindof radiosin
upperbandsfor accessingmorechannels.
Oneof theradiosthatplaysa significantrole in
communicationsis digitalmicrowaveradio18 GHz.
Throughusinga propermodulationin this band,
transmittingdatawithhighrateis achievable.In this
paper,frequencysynthesizerof this radiohasbeen
analyzed,designedand implemented.By applying
properchanges,thissynthesizercan be usedas a
frequencysweepereither.In thisprojectin orderto
havea stablelocaloscillatoranda goodphasenoise
of outputsignal,a phaselockedDRO wasdesigned
andimplemented.Thisstablesignalwillbemixedwith
an L-bandsynthesizedsignaland it will generate
signalin theband17.7GHz-19.7GHzwithstep0.25
MHz.Thestableoutputsignalof thissynthesizerhasa
verygoodphasenoiseat18GHz.Wehaveachievedto
phasenoiseup to -88dBc/Hz@10kHz in 18 GHz
whichis a properphasenoisefor usingdifferent
modulationssuchasQPSK,16QAM,64QAMand...
1.Introduction
Designinga low phasenoiseandstablewith low
stepsizefrequencysynthesizeris a vitalessencein a
microwavelink in differentbands.For achievinga
goodphasenoiseweneedareferencecrystaloscillator
withaverylowphasenoisein.ordertoachievea low
phasenoiseeitherin themicrowaveband.Usinga
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crystaloscillatorwithahigherfrequencywiththesame
phasenoiseasalowerfrequencycrystaloscillator,will
providelowerphasenoise,howeverthisphasenoise
reductionwill affectthestepsizeof thesynthesizer.
Forhavingasynthesizerwithabovespecificationswe
canuseeitheramixingmethodoradual-loopmethod.
In mixingmethodtwodifferentphase-lockloopsone
withaverygoodphasenoiseandotherwitha lowstep
sizewill generatetheoriginalsignal.In thedualloop
utilizinga dualloopwith twophasedetectorswill
generateboththegoodphasenoiseandthelow step
size.In thispaperbyusingthemixingmethodwehave
implementedan 18 GHz frequencysynthesizer.A
blockdiagramof thissynthesizeris showninFigure1.
Usinga 100MHz assignalreferenceinaPhaselocked
DielectricResonatorOscillator(PLDRO) andin the
referenceof digitalL-bandsynthesizerwill achieve
bothlowstepsizeandlowphasenoise.
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Figure1:Blockdiagramof theSynthesizer
2.PLDRO
2.1.DRVCO
The mostsignificantpartof thisoscillatoris its
veo. DesigninganX-bandveo with a DR as its
resonatoris agoodchoicebecauseof itsstabilityand
itslowvoltagefrequencygain[1,2].A classicalwayto
designaveo is touseparallelhalfwavetransmission
lines,aDR betweentwolines,andanelementwhichis
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capableof producingnegativeresistanceattachedto
linenumber2asinFigure2.[3-6]
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Figure2:SchematicofDRVCO
In this implementationtransmissionline I is
connectedtotwovaractors.Whenanoisesignalcomes
fromPointA, it goesto pointB throughthe50 n
resistancein the wholebandexceptthe resonance
frequencyof thedielectricresonator.In theresonance
frequencyof theDR, thesignalcoupledtothemiddle
of thetransmissionli eI whereitencounterstheopen
circuitcondition,sothesignalreflectedcompletelyand
coupledtothetransmissionli e2 sincethesignalhasa
frequencyjustthesameastheresonancefrequencyof
theDR. There,in lineNo.2,thesignalencountersa
negativeresistanceof the transistor,so it will be
reflectedagainwithagainmorethanone.Thisprocess
continuestill it resultsinoscillation.
Thevaractordiodesplayan importantrolein this
configuration,asthevoltagechangesthecapacitance
of the varactordiodeschanges;the changein the
capacitanceofthediodesaffectstheelectricallengthof
thetransmissionlines.In designingtheDRVCO, We
havemodeledDR inHFSSasit showninFigure3.
Figure3:Modelingdielectricresonatorin HFSS
As Figure4 showsparameterS13is thesameas
whatwedoexpect-thesignalcancoupledjustin the
samefrequencyastheresonancefrequencyoftheDR.
Nowwecanimportheresultsof thisconfiguration
intotheMicrowaveOfficepackage.Port2 is attached
toa50n resistance,andportsNo.3and4 areattached
to groundvia a varactorwhichis modeledwith a
858
capacitor.Figure5 showsa schematicviewof this
simulationi MicrowaveOfficepackage.
In thisstageweareseekingforparameterSIIandits
changes.It canbeseenthatif thecapacitanceof the
varactorsvariesbetween1pF and5pF,theoscillation
frequencyvariesabout10 MHz aroundthe center
frequency11GHz.
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Figure4: Couplingintoport3fromport1in
resonancefrequencyofDR simulatedinHFSS
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Figure5:SchematicviewofDRVCO simulatedin
MicrowaveOfficepackage
To implementthisconfiguration,a varactorwhose
capacitancevariesbetween1pF and5 pF is needed.
WehaveusedMA4STS560fromMA/COM company.
The Transistorthatis usedas a negativeresistance
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elementmustshownegativeresistancearound11GHz.
Figure6 showsa viewof theDRVCO on thetest
fixture.
Figure6:DRVCO onthefixturewithbiascircuit
2.2.SPDandloopdesign
SamplingPhaseDetector(SPD)is a 5-portIC that
consistsof 2 schottkydiodes,oneSRD and2 high
frequencycapacitors.Theshottkiesactasa mixerin
phasecomparing.The SRD acts as a frequency
multiplierandcapacitorswill switchwith the input
signalfromSRD. Figure7 showstheSPD andthe
elementsinsideit [7].
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Figure7:SPDanditselements
As it canbeseenin Figure1,asamplesignalfrom
outputoftheVCO will becomparedwiththeharmonic
of thereferenceandanerrorsignalshouldbesentto
theVCO afterpassingthroughalowpassfilter.As the
lowpassfilterbandwidthis lowenoughwithrespectto
thedifferencebetweenthefrequencylockpointand
thefreerunningfrequencyoftheVCO, theerrorsignal
will notpassthroughthefilterandtheloopmaynot
lock.Herea rampgeneratorcircuitis vital[8].Using
thiscircuitandanalysisof theloopfor thestability,
onecanfindtheamountof differentelements.Here
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after designinga 65 degreephasemarginwas
achieved.The outputof thePLDRO is an 11GHz
signalwithphase-noise-100dBc/Hz@10kHz offset.
A viewof thePLDROcanbeseeninFigure8.
Figure8:A viewofthePLDRO
3.L-bandsynthesizer
For designingthissynthesizerthecommercialIC's
wereutilized.PE3340fromPeregrineCompanyas
synthesizerIC and ROS-2150from Mini-circuits
Companywereusedwith an activesecondorder-
secondtype loop. The step-sizeof the frequency
synthesizeris 1.25MHzandthephase-noise@ 10kHz
offsetis -95dBc/Hz.A view of the synthesizeris
showninFigure9.
Figure9:A viewofL-bandsynthesizer
4.Otherpartsofthesynthesizer
Accordingto figure1anL-bandsynthesizedsignal
will bemixedwitha stable11GHz signalfromthe
PLDRO. This mixedsignalwill be doubledafter
filteringandwill generatethedesiredsignalat the
outputwith thephase-noise-88dBc/Hz@ 10kHz
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offset.A figureof the box containsthe L-band
synthesizerandmixersandfrequencydoublerisshown
inFigure10.
Figure10: aviewoftheboxcontainsL-band
synthesizerandotherelements
5.Conclusion
An 18GHzfrequencysynthesizerwitha lowphase
noiseandlow stepsizewasanalyzed,designedand
implemented.Usinga mixingmethod,ahighlystable
signalwithalowphasenoisefromPLDROwasmixed
withandL-bandsynthesizeranddoubledtoforman18
GHzsignal.
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